This paper examines the benefits of promoting and encouraging the use of soft modes of transport in a small town in Ireland. Currently, in the town in question, almost 70% drive to work alone each day. The Irish government recently adopted a policy of actively promoting and developing sustainable towns through the use of soft transport measures. This paper takes a typical town in Ireland and demonstrates how a modal shift toward sustainable transport measures could result in substantial savings in vehicle kilometers traveled and carbon dioxide (CO 2 ) emissions. Census data were used to estimate the benefits of a modal shift from driving alone to walking, cycling, and carpooling. The COPERT IV model was used to estimate the reductions in CO 2 emissions if the estimated modal shifts were realized. Analysis of the commuting patterns of the individuals in the study area shows that the majority of car trips are less than 6 km. The results of the paper show that no one soft measure promoted in isolation is the silver bullet; rather, a mix of these options would be optimal for achieving a modal shift.
In Ireland, as in many other countries throughout the world, traffic levels are increasing. In 2006, the rate of private car ownership per 1,000 population increased by 3.2%, resulting in an increase in car density to 420 cars per 1,000 population. In comparison, the average for the 25 nations of the European Union (EU) is 476 and the average for the United Kingdom is 469 (1). Over the period from 2000 to 2006, the total mileage by all private cars increased by 30%, with the increase being 24% for petrol-powered cars and 56% for diesel fuel-powered cars (1).
Many factors have contributed to this situation, including increasing rates of car ownership and numbers of drivers, reductions in car occupancy levels, changes in fuel prices, and various levels of spending on roads. The cumulative effects of continually increasing traffic levels in urban areas are now causing serious economic, environmental, and social problems.
One of the most direct implications of the increase in road traffic is the effect on the environment. Concerns about the environmental impacts of road transport have grown. In many urban areas, the private car is the single greatest polluter, predominantly because of the accumulation of vehicles on the road. In Ireland, emissions of In 1986, 7% of all trips to work in Ireland were made by bicycle. However, by 1996 that figure had fallen to just over 4%, and by 2006 the rate of commuter cycling had fallen to less than 2%. In 1986, 13% of all commute trips were on foot; by 2006 this had decreased to 11% (6) . If action is not taken to address these statistics, car use will continue to increase and the commuter walking and cycling modal shares will continue to decline. Car ownership could increase to beyond EU average levels, with the total number of private cars licensed in Ireland possibly increasing from 1,800,000 to 2,470,000 (4).
In July 2009, the Department of Transport launched a 650 million ($54 million) national competition aimed at funding and delivering innovative examples of sustainable travel in urban and rural areas right around the country. Smarter Travel areas will provide an opportunity to demonstrate the benefits of sustainable transport, promoting and encouraging walking and cycling, and reducing car travel by improving travel facilities and promoting and encouraging behavioral change.
As walking and cycling are zero-carbon-emission activities with no fuel requirements, they can be adopted as part of an overall strategy to reduce car travel and thus reduce the emissions of CO 2 and other greenhouse gases. In 2004, the Department for Transport of the United Kingdom published a walking and cycling action plan that set out measures to increase the levels of active travel across England (7) . Fifty case studies from that action plan have all shown significant improvements with often modest, but carefully selected initiatives. These schemes have improved local conditions for walking and cycling and have encouraged people to walk and cycle and have provided clear benefits: reduced congestion, improved public health, and enhanced quality of local streets and spaces (8) .
For example, Addenbrooke's Hospital in eastern England invested in carsharing and pool cars, ran promotional events for bus travel, improved the walking and cycling infrastructure, and worked with the main local bus operator on the Quality Bus Partnership. The impact of their workplace travel plan has been significant. For example, between 1993 and 2003, the rate of car use fell from 74% to 42%, that of bus travel rose from 4% to 23%, that of cycling went up from 17% to 25%, and that of walking went from 4% to 7% (8) .
The promotion of carsharing in conjunction with other modes, such as public transport, is another approach advocated to reduce oil dependence problems (9) . Reductions in journey times and vehicle kilometers traveled (VKT), shared fuel costs, and decreases in emissions may be achieved by encouraging ridesharing (10). Jacobson and King examined the potential fuel savings in the United States if a policy of ridesharing were promoted (11) . It has been suggested that if 10% of cars were to have more than one passenger, the result could be annual fuel consumption savings of 5.4%. In 2005, the International Energy Agency examined the potential benefits of promoting ridesharing in Organisation for Economic Co-operation and Development countries and found that by adding one person to every commute trip, the result would be fuel consumption savings of 7.7%, or 5,073,000 barrels of oil a day, and VKTs would be reduced by 12.5% (12) . Caulfield found that carsharing in Dublin, Ireland, accounts for 4% of all trips to work and results in an annual VKT savings of 68 million km (13) .
This paper does not address the potential mix of cycling-walking and other mobility management policies, for example, measures to improve the walking and cycling environment, improved facilities for walkers and cyclists, or measures to influence travel behavior. Rather, it focuses on the potential benefits should an optimal mix of policies be adopted. 
METHODOLOGY Data
The census data used in this paper were taken on the night of Sunday, April 23, 2006, from 1.5 million Irish homes, which had received the census forms 2 weeks before that. The data used here were taken from the place-of-work census of the anonymous records (POWCAR) data set (14) . The POWCAR data set contains information on the regular work trips of 1,834,472 individuals in Ireland. Table 1   TABLE 1 presents the structure of the data contained in the POWCAR data set. Unfortunately, the income levels of the respondents are not included in the data set, because income is an important factor in the analysis of the travel behaviors of individuals. The objective of the study described in this paper is therefore to examine the impact of the softer measures adopted in a small town. A small town with a population of just over 25,000 inhabitants was chosen as the study area. Each day, more than 7,500 individuals commute into the study area to work.
Model Formulation
The model estimated in this paper examines the characteristics of the individuals who drive to work in the study area. A number of activity variables, such as travel time and distance and departure times, are examined in the first set of models. A multinomial logistic regression analysis was constructed to analyze the relationship between these factors and people who indicated that they drove to work on a regular basis. The model takes the following functional form:
where p = probability that event Y (driving to work) occurs, a = specified option,
Farrell, McNamara, and Caulfield 99 βI = set of individual-specific characteristics, γH = set of household-specific characteristics, and e = random error term. 
RESULTS
This section of the paper presents the results of the analysis conducted to measure the benefits of promoting a number of soft measures in the study area. The results examine the benefits of these soft measures according to the number of VKT saved and the annual CO 2 emissions saved. This section of the paper also examines the individuals most likely to drive to work in the study area.
Details of Study Area
The first set of results detailed in Table 2 report the modal split of the study area and the national modal split. The mean distance traveled and the mean travel times are also reported in Table 2 . The results show that the majority of individuals in the study area (68.8%) travel to work by car. The modal share for car is 10.7% higher than the national average in the study area. The modal share shows that a high percentage of individuals in the study area walk to work on a regular basis. One other result of interest is that 2.9% of individuals in the study area use public transport to travel to work; this is substantially less than the national figure of 9.0%.
Characteristics of Individuals Who Drive to Work in Study Area
This section of the paper examines the characteristics of the individuals who drive to work in the study area. Table 3 details the results of a logistic regression analysis used to measure the characteristics of the individuals who drive to work. The first characteristic examined in Table 3 is the distance traveled by those who drive to work. The results show that those who drive to work in the study area are more likely to drive less than 10 km. The results also show that those who drive to work are more likely to have short commuting times (less than 10 min). These findings suggest that motorists are more likely to have shorter commuting distances and travel times than those who use alternative modes of transport.
The results for departure time show that positive coefficients were estimated for those individuals who departed between 7:00 and 9:00 a.m. This result suggests that those individuals who drive to work are most likely to depart for work during this time period. The age profile of individuals who drive to work on a regular basis is also examined in Table 3 . The findings suggest that individuals aged between 15 and 24 years are unlikely to drive to work, whereas individuals in the older age groups are more likely to drive to work.
The gender coefficient estimated in Table 3 demonstrates that females are more likely to drive to work. This could be because of other nonwork commitments, such as dropping off children at school, which would require a car. Information on such trips is not included in the data set examined. The final set of variables examined in Table 3 measures how an individual's socioeconomic group is likely to have an impact on driving to work. Each of the occupation variables estimated was found to be positive. The results show that employers and managers, higher professionals, and lower professionals are more likely than the other groups to drive to work. The results presented in Table 3 demonstrate that individuals who drive to work in the study area are most likely to have shorter commuting distances and travel times. This group of individuals was investigated further, as described in the following sections, as their short travel distances may make them ideal candidates for switching to other, more sustainable modes of travel to work.
Distances Driven by Individuals to Work in Study Area
The distances traveled by individuals who drive to work are shown below. The distances driven to work are segmented into three categories: individuals who travel less than 2 km to work, those who travel 2 to 6 km to work, and those who travel more than 6 km. Fourteen percent of individuals who drive to work travel less than 2 km, and 21% of individuals drive between 2 and 6 km to get to work. In the subsequent analysis, individuals who drive less than 2 km will be targeted to walk to work, and those who travel between 2 and 6 km will be targeted to cycle to work. The values are set equal to zero because they are redundant.
Examining Benefits of Modal Shift from Driving Alone to Walking to Work
This section of the paper examines the benefits of a modal shift from driving alone to walking to work on a regular basis. The environmental benefits of a modal shift to walking to work were estimated by using the COPERT IV model. The results in the table above show that 14% (655) of individuals drive less than 2 km to work each day. The six scenarios examined (Table 4) assume that 5% or 10% of those individuals who currently drive less than 2 km to work alone each day start to walk to work 5, 4, or 3 days a week. The first set of scenarios examined the savings of VKT and CO 2 emissions if 5% of individuals who currently drive less than 2 km walked to work 5, 4, or 3 days a week. The results in Table 4 show that modest annual CO 2 emissions savings would occur if a 5% modal shift toward walking occurred. Furthermore, substantial annual VKT could be saved if a modal shift toward walking occurred. The second set of scenarios examined in Table 4 measures the impact of a 10% modal shift from driving alone to walking to work. The results show, as one would expect, that a greater annual CO 2 emissions savings, as well as greater savings in VKT, would be realized with a 10% modal shift.
Examining Benefits of Modal Shift from Driving Alone to Cycling to Work
The benefits of a modal shift from driving alone to cycling to work are presented in Table 5 . The scenarios examined in this section of the paper are similar to those examined in the previous section, in that they examine the environmental benefits of a modal shift from driving alone to cycling. The group examined consists of those who drive 2 to 6 km to work on a regular basis, which, as the table above the shows, comprises 21% (n = 1,012) of the individuals. The COPERT IV model was used to estimate the environmental benefits according to the annual reduction in CO 2 emissions. The results show that if a 5% modal shift to cycling to work were realized for even part of the week, substantial annual savings in VKT and CO 2 emissions could be achieved. The results for a 10% modal shift from driving alone to cycling were found to be even more savings in VKT and CO 2 emissions compared with those achieved with a 5% modal shift.
Examining Benefits of Modal Shift from Driving Alone to Carpooling
The final soft measure examined in this study is carpooling in the study area. The data used in this study were segmented by the three electoral districts in the study area with the highest concentrations of individuals who drive alone to work in the town center to ascertain the potential for carpooling. The departure times of the individuals in these three areas were examined and are presented in Table 6 . As the individuals in these areas have the same origin, destination, and departure time, the results show that there is the potential for the individuals in each of the areas to carpool.
The results in Table 7 detail the benefits that would be achieved if a percentage of the individuals switched from driving alone to carpooling. As with the previous scenarios for modal shifts to walking and cycling, the results in Table 7 examine the benefits of a 5% or 10% modal shift to carpooling 5, 4, or 3 days a week. The results from each of the scenarios show that considerable reductions in annual VKT and annual CO 2 emissions can be achieved by switching to carpooling.
DISCUSSION OF RESULTS AND CONCLUSIONS
The results presented in this paper demonstrate that because of the short commuting distances associated with small towns, they are ideal candidates to be encouraged to use sustainable transport options. Low-cost options such as those examined in this paper are suited to smaller towns, where the financial resources to operate or construct traditional transport alternatives may not exist. The findings of this study show that use of a combination of soft measures can result in substantial environmental benefits. The potential for a modal shift for individuals who are within walking and cycling distances to the town center was examined. Individuals who are assumed to carpool reside in areas where there is a significant potential to find a carpooling partner. The results of the scenarios estimated in this paper show that if a modal shift were to occur, substantial savings in emissions and VKT would result.
On the basis of the findings presented here, it is clear that no one soft measure would result in substantial changes in transport-related emissions or VKT. If a combination of walking, cycling, and car pooling were adopted in the study area, as described here, the result would be considerable benefits to the environment.
